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Abstract 
The aim of this work is to describe the characteristics of a 5 MWe Fresnel solar power plant at different areas of Algeria Sahara. 
These areas have been chosen for comparison by shifting the plant to different locations; namely Hassi R'mel, Tamanrasset, 
Beni-Abbes, and El Oued. Theoretical modeling allowed us to specify optimal number of mirrors. Results from simulation give 
an optimal number of mirrors equal to 40 mirrors. Furthermore, a sizing calculation was made while drafting a specification in 
order to define the different characteristics of the plant, namely insolation, “Field” system and “Receiver” system. The 
calculation results have been depicted for each site. Indeed, the performance varies from a site to another with DNImoy values, 
respectively: 788.4 W/m2, 698.7 W/m2, 671.7 W/m2, 636 W/m2, for Tamanrasset, Beni-Abbes, El Oued and Hassi R’mel sites. 
The surface of solar field, block number, absorber surface and power losses have also been evaluated for the same sites.  
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1. Introduction  
It is universally acknowledged that two of the key technological and economic challenges of the 21st century are 
energy and the environment [1]. Consequently, considerable efforts are being made to effect a gradual transition 
from systems based on fossil fuels to those based on renewable energy (RE). Electricity generation from solar 
energy is currently one of the main research areas in the field of renewable energy. To produce electricity from solar 
radiation, the power plants could use the technology of solar concentration. Concentrating solar power (CSP) 
technologies now constitute feasible commercial options for large scale power plants as well as for smaller 
electricity and heat generating devices. CSP has an inherent capacity to store heat energy for short periods of time 
for later conversion to electricity. When combined with thermal storage capacity, CSP plants can continue to 
produce electricity even in cloudy time or after sundown. CSP plants can also be equipped with backup power from 
combustible fuels [2,3]. With these factors, CSP is set to take its place as an important part of the world’s mixt 
energy, in case of Algeria an ambitious program of Renewable Energy Development and Energy efficiency was set 
up. The CSP plant represents about 70% of the total power to be installed [4,5]. Moreover, CSP can be a competitive 
source of bulk power in peak and intermediate loads in the sunniest regions by 2020 and of base load power by 2025 
to 2030 [6]. 
The national programme was released in 2011, its consists of installing up to 22,000 MW of power-generating 
capacity from renewable sources between 2011 and 2030, of which 12,000 MW are intended to meet the domestic 
electricity demand and 10,000 MW are destined for export [5].  
This program was a first phase dedicated to pilot projects and testing various technologies available, during 
which relevant evidence about the technological developments of the relevant sectors have appeared on the energy 
scene and led to the revision of the program. 
The national development program for renewable energy in the version updated by the services of the 
Department of Energy has just been adopted by the government. 
In this study, our main objective is to define Fresnel concentrator solar plant characteristics, in order to determine 
its different performances and the influence of changing location and its climatic conditions on these performances, 
for this purpose four areas were chosen: Hassi R’mel for the center, Beni Abbes for the west, El Oued for the east, 
and Tamanrasset for the south. 
The sites were chosen by Sonelgaz, which is the company of electricity and gas distribution in Algeria. This 
region is characterized by a promising solar potential with the following parameters: the annual direct normal 
irradiation (DNI) exceeds 2000 kWh /m² per year, a period of sunstroke reaches the 3500 hours/year, the land 
topography: flat and the slope less than 5 %, a hot and dry climate, as well as a non-existing or a weak frequency of 
sandstorms. The geographical data of these sites are respectively (33.7°, 3.21°), (22°, 78°), (33°, 50°), (31°, 62°) for 
Hassi R’mel, Tamenrasset, El Oued, and Beni-Abbes. 
2. Methods 
In order to explain Fresnel concentrator conception theory, we used the works done by [7, 8], who developed 
equations, taking into account some essential hypotheses for the precision of concentrated solar energy. Figure 1 
shows the main layout, in linear section, of a Fresnel collector with a reflecting system and a cavity-shaped absorber 
whose width (W) is fixed for each mirror. The slope of each mirror has been calculated in such a way that the 
capitation of solar radiation is maximized for each mirror. On the other hand, an appropriate distance is kept 
between two consecutive mirrors, so that shadowing of the adjacent mirror is prevented [9, 10]. 
2.1. Optimization Calculation 
Each mirror is characterized by three parameters: Position (Qn); Slope angle (Ѳn); Shift (Sn). 
The following equations have been used to obtain these parameters by using simple relationships of geometrical 
optics [9]. 
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Ѳ is a slope angle 
W is the mirror’s width, W=100 mm. f is the focal distance,  
ζ0 is the half of sun angular distance at an ordinary point on the earth.  (ζ0=16’=0.26°) [9]. 
f=1300 mm is the focal distance. 
The initial conditions are the following: Ѳ
 0=0, S0=0, Q0 = -W/2, Q1=W/2. 
 
The solar power plant chosen for this study is a 5 MWe Fresnel concentrator plant, which is technically similar to 
the German Novatec solar plant set up at Calasparra site in Spain. [11]. 
3. Results and discussion 
The results found are illustrated in Figure 2, which depicts the solar concentration variation according to the number 
of mirrors. 
The calculation has been stopped once the stability or the decrease of concentration was noticed. According to 
the figure we notice that if we increase the number the mirrors (the collective surface) the solar concentration 
increases, so the solar concentration is proportional to the number of the mirrors, this is due to the large quantity of 
the solar irradiation captured by the collectors. 
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Fig. 1. Fresnel Solar Concentrator [9]. 
 
 
Figure 2: Relationship between solar concentration and number of mirrors in Fresnel reflector: n = 48. 
 
3.1. Specification  
In this section, we have drawn up a specification in which plant characteristics, namely Direct Normal Irradiance 
(DNI), solar field surface, block number, have been defined (it should be noted that a block contains reflecting 
mirrors, absorber tube, and steam separator). We have also defined the block surface, number of block panels, 
absorber surface, and finally thermal power losses in the absorber. 
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DNIavg calculation (direct normal irradiance): 
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Calculation of lost power: 
Plose=UL*Aabs actual*ΔT 
We have: Tent=140 °C, Toutput=270°C, UL=5 W/m² °C 
Plose=5*4515.8*130=2.93*106 W for Beni-Abbes and the same calculation is done for the other locations 
Final results are shown in the following table: 
4. Conclusions 
This work supplies an overview on a method of sizing a Fresnel concentrator power plant that allowed us to 
establish specifications in which we determined the diverse parameters and performances of the power plant by 
using a global method of calculation. And that, basing on the results of our sizing, we emitted hypotheses 
concerning the solar field. The receiver, the block of power, these performances were calculated using a DNI 
calculated by the report of the normal annual irradiation and the insolation period. 
The exploitation of the power plant in chosen sites (desert sites) showed us the importance of the annual direct 
normal irradiation (DNI) (> to 2000 kWh / m ² per year) which varies according to the latitude, the altitude of the 
site compared with the sea level, and the position of the earth compared to the sun. This variation influences the 
performances of linear Fresnel solar concentrator power plant 
The performance evaluation in these sites, allowed us to win with the same power plant more power from a site 
to another one. 
For the evaluation of the performances of the Novatec solar power plant in Algeria, the choice of the sites of 
implantation which we held takes into account the annual normal direct irradiation (> 2000 kWh/m ² per year), the 
availability of the meteorological data as well as the closeness of the gas and electric networks. 
Table 1: Plant characteristics in 4 sites 
 
Selected locations Beni-Abbes HassiR'mel El Oued Tamanrasset 
DNImoy(W/m2) 698.7 636 671.7 788.4 
Solar field surface (m2) 86000 94000 89000 76000 
Block number 8 8 8 7 
Block surface (m2) 10750 10804 10853 10857 
Unit number of a block 21 21 21 21 
Actual absorber surface (m2) 564.48 564.48 564.48 564.22 
Total surface of absorbers (m2) 4515.8 4911 4628.7 3949.5 
Lost power (W) 2.93*106 3.19*106 3*106 3.5*106 
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We confirmed threw analysis of the results that the studied sites were favourable to the implantation of linear 
Fresnel solar concentrator power plant. 
According to this study, we highlight the importance of choosing an ideal site for the power plant, as each site is 
characterized by its direct radiation, ambient temperature, insolation duration, wind speed, latitude, height above sea 
level, and other factors, which play a key role in the power plant cost-effectiveness and productivity. It is shown that 
the most promising site for application of the 5 MW power plant is the site of Tamanrasset with a net annual energy 
of 11 704 MWh, a levelized electricity cost of 8.86 DA/kWh, a turnover at 4 DA kWh, a gain percentage of 34.7 %, 
and a number of years of profitability of 8 years. This is clearly shown in the results obtained according to which the 
plant different parameters and characteristics vary when it is shifted in different sites. 
According to the results obtained (direct normal irradiation, solar field surface, block number, block surface and 
total surface of the absorber) for the different plant’s characteristics in the 4 sites, we can see that Algerian sites are 
favorable to install the linear Fresnel solar concentrator power plant, and the best one is Tamanrasset site, followed 
by Beni –Abbes, then El Oued, and finally Hassi R’mel. 
References 
[1] R.E.Smalley, " Future global energy prosperity: the terawatt challenge," MRS Bull, vol. 30, pp. 412-417, 2005. 
[2] International Energy Agency (IEA),"Technology Roadmap Concentrating solar power" ,IEA/OECD, Paris, France, p. 1–52, 2010. 
[3] Renewable Energy Policy Network for the 21stcentury (REN21). Renewable 2012. Global status report. [Online].Available: 
http://www.map.ren21.net/GSR/GSR2012_low.pdfS; 2012. 
[4] M. Abbas and N. Kasbadji Merzouk, "Techno economic study of solar thermal power plants for centralized electricity generation in 
Algeria," in Proc. 2012 , 2nd International Symposium on Environment-friendly Energies and Applications EFEA2012; pp. 179-183. 
[5] Ministry of Energy and Mines, "Renewable energy and energy efficiency program 2011" . [Online].Available: www.mem-algeria.org 
[6] H.L. Zhang and al. "Concentrated solar power plants: Review and design methodology," Renewable and Sustainable Energy Reviews, vol. 
22, pp. 466-481, 2013. 
[7] Negi B S, Mathur S S, et Kandpal T C. "Optical and thermal performance evaluation of linear Fresnel reflector solar concentrator". Solar 
and Wind Technology, Vol. 6, page 589-593.1989. 
[8] Bliss R et Whillier. "The derivation of several, plate efficiency factors, useful in the design of the flat plat solar heat collector". SolarEnergy. 
Vol. 4. Pages 55-64.1959. 
[9] Panna L S, Sarvia R M, et Bhagoria J L. "Thermal performance of linear Fresnel reflecting  solar concentrator with trapezoidal cavity 
absorbers". Applied Energy, Vol.87, September 2009, Pages 541-550. 
[10] S. Flores Larsen, M. Altamirano, A. Hernández Heat loss of a trapezoidal cavity absorber for a linear Fresnel reflecting solar concentrator, 
Vol. 39, August 2011, Pages 198 -206. 
[11] Web site:  http // www.nrel.gov/csp/solarpaces/linear_fresnel.html 
